Exposure to tobacco smoke during pregnancy is associated with a range of adverse outcomes in offspring, including cognitive deficits and increased incidence of attention deficit-hyperactivity disorder, but there is a considerable controversy with regard to the causal role of tobacco smoke in these outcomes. To determine whether developmental exposure to the primary psychoactive ingredient in tobacco smoke, nicotine, may cause long-lasting behavioral alterations analogous to those in attention deficit-hyperactivity disorder, male SpragueDawley rats underwent a chronic neonatal nicotine administration regimen, which models third-trimester human exposure. Male rat pups were administered nicotine (6 mg/kg/day) by oral gastric intubation on postnatal days 1-7. In adulthood, rats were tested in two decision-making tasks (risky decision-making and delay discounting) as well as in free-operant responding for food reward and the elevated plus maze. Chronic neonatal nicotine attenuated weight gain during nicotine exposure, but there were no effects on performance in the decision-making task, and only a modest decrease in arm entries in the elevated plus maze in one subgroup of rats. These data are consistent with previous findings that developmental nicotine exposure has no effect on delay discounting, and they extend these findings to risky decision-making as well. They further suggest that at least some neurocognitive alterations associated with prenatal tobacco smoke exposure in humans may be due to genetic or other environmental factors, including non-nicotine components of tobacco smoke.
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Introduction
A large proportion (15%) of women are reported to smoke during pregnancy, despite ample available information about possible adverse outcomes for their children (Substance Abuse and Mental Health Services Administration, 2010) . Smoking during pregnancy is associated with reduced birth weight, impairments in cognitive function, and an increased incidence of attention deficit-hyperactivity disorder (ADHD) in offspring (Winzer-Serhan, 2008) . Despite these strong associations, however, it has been difficult to establish causal relations between prenatal tobacco smoke exposure and adverse outcomes (particularly cognitive/behavioral outcomes), as smoking during pregnancy often occurs in the presence of a variety of other risk factors for such adverse outcomes, including young maternal age, poor education, and low socioeconomic status.
To circumvent these confounding factors, animal models have been used to test directly causal roles of smoking in adverse outcomes in offspring. The majority of studies in animal models have examined the effects of nicotine (the major psychoactive ingredient in tobacco smoke), although a handful have examined the effects of tobacco smoke itself (Gaworski et al., 2004; Golub et al., 2007; Slotkin, 2008; Winzer-Serhan, 2008) . These studies typically involve administration of nicotine to either pregnant rodents or early neonates, as the early neonatal period in rats and mice corresponds roughly to the third trimester of human development (Dobbing and Sands, 1979; Winzer-Serhan, 2008) . Despite the strong associations between cognitive and behavioral deficits in humans exposed to prenatal smoking, the outcomes of these animal studies have been mixed. The effects of prenatal nicotine on tests of learning and memory (which typically engage the hippocampus) are generally mild, and in some cases may be due to effects on nonmnemonic factors such as anxiety or motor function (Levin et al., 1993; Eppolito and Smith, 2006; Huang et al., 2007; Winzer-Serhan, 2008) . Effects on locomotor activity in rodent models have also been variable, with different studies reporting hyperactivity, hypoactivity, or no change (Romero and Chen, 2004; LeSage et al., 2006; Huang et al., 2007; Schneider et al., 2011) . exposure. ADHD is associated with suboptimal decisionmaking, including elevations in both impulsive and risky decision-making (Barkley et al., 2001; DeVito et al., 2008; Paloyelis et al., 2009) . However, a recent study of the effects of prenatal nicotine exposure in rats found no effects on performance in a delay-discounting task, which assesses impulsive decision-making (Schneider et al., 2011) . This lack of effect could suggest that prenatal nicotine exposure may play only a minimal causal role in cognitive features of ADHD; however, the same nicotine exposure regimen had lasting effects on performance of the five-choice serial reaction time task (5CSRTT), including deficits in attention and increased motoric impulsivity, which are thought to model some of the core features of ADHD (Robbins, 2002; Winstanley et al., 2006; Schneider et al., 2011) . Hence, it appears that prenatal nicotine exposure has the potential to play a causal role in at least some features of ADHD.
Individuals with ADHD show elevated risk-taking (preference for larger rewards accompanied by greater probabilities of adverse outcomes, relative to smaller, safer rewards; Toplak et al., 2005; Garon et al., 2006; Malloy-Diniz et al., 2007; DeVito et al., 2008; Masunami et al., 2009; Drechsler et al., 2010) , but it is not known whether this type of decision-making can be influenced by early nicotine exposure. The purpose of the present studies was to determine how developmental nicotine exposure in rats affects performance in a test of risky decision-making (involving choices between small safe rewards and large rewards accompanied by risk of punishment; Simon et al., 2009; Mitchell et al., 2012) . For comparison, rats were also tested on a delay-discounting task (Evenden and Ryan, 1996; Simon et al., 2007; Schneider et al., 2011) . Finally, additional measures of locomotor activity, reward motivation, and anxiety were collected, as these factors can be affected in both rodent nicotine exposure models and ADHD, and have the potential to influence performance on decision-making tasks (Huang et al., 2007; Franke et al., 2008; Luman et al., 2010: for review see Sagvolden et al., 2005) . We used a rat neonatal nicotine exposure model to address the effects of nicotine during the brain growth spurt period, which takes place during the third trimester in humans but during early postnatal development in rats (Dobbing and Sands, 1979; Winzer-Serhan, 2008) . During this early neonatal period in rodents, several developmental processes occur in cortical structures, including neuronal maturation, synaptogenesis, and circuit formation, all of which take place in utero in humans (Bayer et al., 1993; de Graaf-Peters et al., 2006) . Administration of nicotine during postnatal days (P)1-7 produces robust effects on measures of anxiety, but few if any effects on learning and memory (Huang et al., 2006; Huang et al., 2007) . Herein we evaluated the consequences of neonatal nicotine exposure on behavioral alterations analogous to those in ADHD.
Methods

Subjects
Five timed virgin-mated pregnant Sprague-Dawley rats (Harlan, Houston, Texas, USA) arrived between gestational days 14 and 16, and were housed in accordance with the rules of the Texas A&M University Laboratory Animal Care Committee and National Institutes of Health guidelines. Litters were born to all five female rats; the day pups were born was termed P0, and litters were culled to eight pups per litter on P1. At P21, rats were weaned and pair housed under standard care conditions until adulthood.
At approximately 10 weeks of age, male rats from these litters (n = 12 control and 12 nicotine exposed) were transferred to individual housing and kept on a 12 h light/ dark cycle (lights on at 0800 h) with free access to food and water except as noted. During behavioral testing, rats were maintained at 85% of their free-feeding weight, with allowances for growth [except during testing in the elevated plus maze (EPM), when rats were given free access to food]. All behavioral procedures were conducted during the light cycle (0900-1500) and were approved by the Texas A&M University Laboratory Animal Care Committee and followed National Institutes of Health guidelines.
Nicotine exposure
These experiments used a neonatal gastric intubation model, which allows delivery of controlled amounts of nicotine to rat pups with minimal stress, maternal separation, or risk of injury (Huang et al., 2006) . In addition, because pups are individually treated, nicotine doses can be adjusted to body weight, and littermates can be assigned to milk control and nicotine plus milk treatment groups. Nicotine is highly membrane permeable and brain nicotine levels comparable with those in blood are achieved within seconds. However, due to slower absorption of nicotine from the acidic milieu of the stomach, peak nicotine blood levels of 150-200 ng/ml of serum are achieved within 30 min of oral nicotine administration (unpublished results), which are comparable with levels found in heavy smokers. The pattern of administration in the chronic neonatal nicotine model also mimics that found in smokers, in whom blood nicotine levels tend to decrease at night. Pups were treated from P1 to P7 as previously described (Huang et al., 2006) . In brief, pups were given milk formula (Enfamil with iron; Mead Johnson and Company, Evansville, Indiana, USA) with or without nicotine, in a volume of 1/36 their total body weight three times a day (0900, 1300, 1700) using the oral gastric intubation method. For the nicotine-exposed group, rat pups were given 2 mg/kg/dose of nicotine-free base (calculated as the weight of the free base; Sigma Chemical, St. Louis, Missouri, USA). The control group received milk formula only. Within each litter, half of the pups were nicotine exposed and half were controls.
Apparatus
Testing in the decision-making and fixed ratio (FR) responding tasks was conducted in standard behavioral test chambers (Coulbourn Instruments, Whitehall, Pennsylvania, USA) housed within sound-attenuating isolation cubicles. Each chamber was equipped with a recessed food pellet delivery trough fitted with a photobeam to detect head entries and a 1.12 W lamp to illuminate the food trough, which was located 2 cm above the floor in the center of the front wall. Grain-based food pellets (45 mg; PJAI, Test Diet, Richmond, Indiana, USA) could be delivered into the food trough. Two retractable levers were located to the left and right of the food trough, 11 cm above the floor. A 1.12 W house light was mounted on the rear wall of the isolation cubicle. The floor of the test chamber was composed of steel rods connected to a shock generator that delivered scrambled footshocks. Locomotor activity was assessed throughout each session with an infrared activity monitor mounted on the ceiling of the test chamber. This monitor consisted of an array of infrared (body heat) detectors focused over the entire test chamber. Movement in the test chamber (in x, y, or z planes) was defined as a relative change in the infrared energy falling on the different detectors in the array. Test chambers were interfaced with a computer running Graphic State software (Coulbourn Instruments), which controlled programmed events and data collection.
Behavioral procedures
Rats were tested in the behavioral procedures in the order in which they are described below.
Shaping
Rats were approximately 12 weeks old at commencement of shaping. Shaping procedures for the decision-making tasks followed those used previously (Cardinal et al., 2000; Simon et al., 2007; Simon et al., 2009) . Following training to respond at the food trough upon food delivery, rats were trained to press a single lever (either the left or right, counterbalanced across groups; the other lever was retracted during this phase of training) to receive a single food pellet. After reaching a criterion of 50 lever presses in 30 min, rats were then trained on the opposite lever under the same criterion. This was followed by further shaping sessions, in which both levers were retracted and rats were trained to nose poke into the food trough during simultaneous illumination of the trough and house lights. When a nose poke occurred, a single lever was extended (left or right, pseudorandomly determined, such that each lever was presented once in every two-trial block), and a lever press resulted in immediate delivery of a single food pellet. Immediately after the lever press, the trough light was extinguished and the lever was retracted. Rats were trained to a criterion of 30 presses on each lever within 60 min.
Risky decision-making task
The risky decision-making task assesses the degree of preference for small safe rewards versus large risky rewards that are accompanied by different probabilities of punishment. Testing procedures followed Simon et al. (2009) . Sessions were 60 min in duration and consisted of five blocks of 18 trials each. Each 40-s trial began with a 10-s illumination of the food trough and house lights. A nose poke into the food trough extinguished the trough light and triggered extension of either a single lever (forced-choice trials) or of both levers simultaneously (free-choice trials). If rats failed to nose poke within the 10-s time window, the lights were extinguished and the trial was scored as an omission.
A press on one lever (either left or right, balanced across rats) resulted in immediate delivery of a single food pellet (the small safe reward). A press on the other lever resulted in immediate delivery of three food pellets (the large risky reward). However, selection of this lever was also accompanied by a possible 1-s footshock (0.3 mA), which occurred immediately after food delivery, contingent on a preset probability specific to each trial block. The large reward was delivered after every choice of the large-reward lever, regardless of whether the footshock occurred. The probability of footshock accompanying the large reward was set at 0% during the first 18-trial block. In subsequent 18-trial blocks, the probability of footshock increased to 25, 50, 75, and 100%. Each 18-trial block began with eight forced-choice trials, in which only a single lever was extended and which were used to establish the punishment contingencies in effect for that block (four for each lever), followed by 10 free-choice trials (Cardinal and Howes, 2005; Simon et al., 2007; Simon et al., 2009; St Onge and Floresco, 2009 ). Once either lever was pressed, both levers were immediately retracted. Failure to press either lever within 10 s of their extension resulted in the levers being retracted and lights extinguished, and the trial was scored as an omission.
Food delivery was accompanied by reillumination of both the food trough and house lights, which were extinguished upon entry to the food trough to collect the food or after 10 s, whichever occurred sooner. On the forcedchoice trials (in which only one lever was present), the probability of shock after a press on the large-reward lever was dependent across the four trials in each block. For example, in the 25% risk block, one and only one of the four forced-choice trials (randomly selected) always resulted in shock, and in the 75% risk block, three and only three of the four forced-choice trials always resulted in shock. In contrast, the probability of shock on each of the free-choice trials (in which both levers were present) was entirely independent, such that the probability of shock on each trial was the same, irrespective of shock delivery on previous trials in that block.
Delay-discounting task
Testing in the delay-discounting task took place in a separate set of behavioral test chambers, which were identical in design to those used for the risky decision-making task. However, no additional shaping was needed before testing in the delay-discounting task, as it was similar in design to the risky decision-making task. A detailed description of this task is provided in Mendez et al. (2010) . Each 60-min session consisted of five blocks of 12 trials each. Each 60-s trial began with a 10-s illumination of the food trough and house lights. A nose poke into the food trough during this time extinguished the food trough light and triggered extension of either a single lever (forced-choice trials) or of both levers simultaneously (free-choice trials). Trials on which rats failed to nose poke during this 10-s window were scored as omissions. Each block consisted of two forced-choice trials followed by 10 free-choice trials. A press on one lever (either left or right, counterbalanced across subjects) resulted in one food pellet (the small reward) delivered immediately. A press on the other lever resulted in three food pellets (the large reward) delivered after a variable delay. Failure to press either lever within 10 s of their extension resulted in the levers being retracted and lights extinguished, and the trial was scored as an omission. Once either lever was pressed, both levers were retracted for the remainder of the trial. The delay duration increased between each block of trials (0 s, 4 s, 8 s, 16 s, and 32 s), but remained constant within each block (Evenden and Ryan, 1996; Cardinal et al., 2000; Winstanley et al., 2003; Simon et al., 2007) .
Fixed-ratio responding
Testing took place in the same apparatus as that used in the delay-discounting task, except that only the response lever that previously produced the small reward was used, and it remained extended throughout the duration of the session (hence no additional shaping was needed). Sessions were 30 min in duration, during which rats were free to press the lever to receive a single food pellet under different FR schedules: FR1, 3, 10, 20, and 40 (Mendez et al., 2009) . Each FR schedule was presented only once (one schedule/day), with the schedules presented in ascending order. After completion of this testing, rats were returned to free feeding. (Schulteis et al., 1998; Wingard and Packard, 2008) .
Data analysis
Raw data files were exported from Graphic State software and compiled using a custom macro written for Microsoft Excel (Dr Jonathan Lifshitz, University of Kentucky). Statistical analyses were conducted in SPSS 18.0 (SPSS Inc., Chicago, Illinois, USA). To assess stability of performance in the decision-making tasks, repeatedmeasures analyses of variance (ANOVAs) were conducted on group data across five consecutive sessions (both for the nicotine and control groups separately and for both groups together). Stable behavior was defined by the absence of a main effect of session, the absence of an interaction between session and trial block, and the presence of a main effect of trial block (Winstanley et al., 2003; Mar and Robbins, 2007; Simon et al., 2009; Simon et al., 2010) . The effects of nicotine exposure in the decision-making tasks were assessed using a two-way ANOVA, with drug condition as a between-subjects variable and trial block (i.e., -level of risk or duration of delay) as a repeated-measures variable. Baseline locomotor activity in these tasks was measured by averaging activity across all intertrial interval (ITI) segments (in which no lights or levers were present). Shock reactivity in the risky decision-making task was defined as activity (movement units) during the 1-s shock periods, averaged across the test session. Performance on the FR schedules (number of lever presses and rewards earned) and the EPM was assessed using unpaired t-tests for each measure. In all cases, P values less than 0.05 were considered significant, and errors are presented as standard errors of the mean.
Results
Body weight
There was no significant difference in body weight between control and nicotine-exposed rats on P1 [control = 6.9 ± 0.1 g (standard errors of the mean), nicotine = 6.9 ± 0.1 g, t(22) = 0.33, not significant (NS)]. On P8 (the day after the last nicotine administration), nicotine-exposed rats weighed significantly less than controls [control = 20.0 ± 0.5 g, nicotine = 18.5 ± 0.5 g, t(22) = 2.24, P < 0.05], indicating that nicotine attenuated the normal developmental increase in body weight during this time period. However, these body weight differences were transient, as they were not evident at the start of behavioral testing [control = 368.8 ± 3.6 g, nicotine = 363.6 ± 6.2 g t(22) = 0.10, NS].
Risky decision-making task
There were no differences between control and nicotine exposed rats in the number of days required for shaping [control = 4.8 ± 0.4 days, nicotine = 5.0 ± 0.4 days, t(22) = 0.48, NS]. Once lever pressing was shaped, rats were trained on the risky decision-making task for a total of 49 days, at which point stable performance (see Methods) was observed. Figure 1a shows mean performance across the final five test sessions of the risky decision-making task for control and neonatal nicotine exposed rats. Analysis of the mean percent choice of the large, risky reward averaged across the last five sessions of testing (Simon et al.,
Developmental nicotine and decision-making Mitchell et al. 37 2009; Mendez et al., 2010) using a two-factor ANOVA (drug condition Â trial block) revealed a significant main effect of trial block [F(4,88) = 41.55, P < 0.05], such that all rats decreased their choice of the large reward as the risk of punishment increased across the course of the test session; however, there was neither a significant main effect [F(1,22) = 0.21, NS] nor interaction [F(4,88) = 0.35, NS] involving drug condition. Additional analyses of ITI locomotor activity, shock reactivity, and trial omissions revealed no differences between groups (ts < 1.34, NS). Similar analyses of omissions of the large risky forced-choice trials also revealed no significant difference between groups [mean number of omissions/session, control = 4.0 ± 1.6 trials, nicotine = 3.7 ± 1.5 trials, t(22) = 0.18, NS].
Delay-discounting task
Rats were trained in the delay-discounting task for 37 days, at which point stable performance was observed. Figure 1b shows mean performance across the final five test sessions of the delay-discounting task for control and neonatal nicotine exposed rats. Similar to the risky decision-making task, analysis of the mean percent choice of the large, delayed reward (averaged across the last five sessions of testing) revealed a significant main effect of trial block [F(4,88) = 82.74, P < 0.05], such that all rats decreased their choice of the large reward as the delay to its delivery increased across the course of the test session, but neither a significant main effect [F(1,22) = 0.85, NS] nor interaction [F(4,88) = 0.59, NS] involving drug condition were detected. Additional analyses of ITI locomotor activity and trial omissions revealed no significant differences between groups (ts < 0.53, NS). Figure 2 shows the number of lever presses emitted by control and neonatal nicotine exposed rats under different FR schedules. One rat in the nicotine group died before commencing the FR responding tests. In the remaining rats, unpaired t-tests comparing performance of control and nicotine exposed rats on each ratio revealed no significant differences between groups in either lever presses or food pellets earned [ts(21) < 1.10, NS].
Fixed-ratio responding
Elevated plus maze 
Relations between nicotine-induced attenuation of weight gain and behavioral measures
The neonatal nicotine exposure regimen used here retards the normal gain in body weight during the period of exposure (Huang et al., 2006 (Huang et al., , 2007 , but in unpublished experiments we have observed some variability across litters in the degree to which nicotine exposure produces this effect. In the current study, within-litter comparisons of percent weight gain from P1 to P8 between control and nicotine-exposed rats revealed significant or near-significant effects in three of the five litters used (NS ranged from 2-4 rats/condition/litter, mean percent weight gains for these three litters: controls = 184.6 ± 1.7, 186.4 ± 5.1, 227.6 ± 4.0%; nicotine = 167.0 ± 3.9, 165.5 ± 2.1, 191.5 ± 11.7%; unpaired t-tests, P r 0.05: nicotine appeared to attenuate weight gain in the other two litters as well, but it did not approach statistical significance). To determine whether the magnitude of nicotine-induced growth attenuation within each litter was related to subsequent behavioral performance, we conducted separate analyses of behavioral data in rats from the three litters that showed the most substantial attenuation of weight gain (n = 6 nicotine exposed and 6 control).
Similar to the results with all litters included, there were no effects of neonatal nicotine exposure on any measures of performance in the decision-making or FR responding tasks. In the EPM, however, there was a main effect of neonatal nicotine on total arm entries [control = 9.3 ± 1.2 entries, nicotine = 4.6 ± 1.5 entries t(9) = 2.49, P < 0.05], with nicotine-exposed rats making fewer overall arm entries than controls. When arm entries were broken down by arm type (closed vs. open), nicotine-exposed rats made significantly fewer entries than controls into closed arms [control = 5.0 ±0.6 entries, nicotine = 2.6 ± 0.7 entries t(9) = 2.71, To further examine relations between performance on the EPM and other behavioral tasks, Pearson's correlations were conducted between the various measures of task performance (among all rats in the experiment). There were no significant correlations between EPM measures and either mean percent choice of the large reward in the decision-making tasks or lever presses or rewards earned in the FR responding task (Ps > 0.06). In addition, consistent with previous findings (Simon et al., 2009) , there were no significant correlations (either bivariate or partial correlations controlling for nicotine exposure condition) between performance in the risky decisionmaking and delay-discounting tasks (rs < 0.35, NS).
Discussion
Exposure to cigarette smoke during fetal development is associated with adverse outcomes, including increased incidence of ADHD, but the extent to which such exposure plays a causal role in these outcomes has not been clear (D'Onofrio et al., 2008; Pauly and Slotkin, 2008; Thapar et al., 2009 ). The present study sought to determine whether exposure to nicotine in a rat model of human third trimester development (chronic neonatal nicotine, Huang et al., 2006) causes lasting alterations in performance of behavioral tasks that model aspects of decision-making impaired in ADHD. There were no effects of neonatal nicotine on either risky or impulsive decision-making (delay discounting) in adulthood, suggesting that the presence of these behaviors in individuals exposed to cigarette smoke during gestation may be due to factors other than nicotine exposure (Khalil et al., Developmental nicotine and decision-making Mitchell et al. 39 2000; Clemens et al., 2009; Thapar et al., 2009; Mitchell et al., 2012) .
The risky decision-making task assesses preference for a small safe reward over a large risky reward that is accompanied by different probabilities of punishment. The task demands, which pit motivation to obtain rewards against motivation to avoid adverse outcomes, are similar to those of human decision-making tasks in which individuals with ADHD show elevated risk-taking, such as the Iowa Gambling Task and the Cambridge Gamble Task (although in human subjects, the adverse outcomes are loss of money or points, rather than physical punishment: Toplak et al., 2005; Garon et al., 2006; Malloy-Diniz et al., 2007; DeVito et al., 2008; Masunami et al., 2009; Simon et al., 2009; Drechsler et al., 2010; Mitchell et al., 2012) . To our knowledge, risk-taking behavior has not been studied specifically in individuals exposed to tobacco smoke prenatally; however, the present findings suggest that any associations observed in this population might be due to genetic or other environmental factors.
A recent report by Schneider et al. (2011) showed that nicotine exposure in a different rat model (maternal exposure to nicotine in drinking water during pregnancy) resulted in impaired performance on the 5CSRTT in adulthood, including decreased accuracy and increased premature responses, which are thought to reflect impaired attentional processing and greater impulsive action, respectively (Robbins, 2005) . These findings suggest that some behaviors characteristic of ADHD can be caused by prenatal nicotine exposure (at least in that model). Consistent with the present results, Schneider et al. (2011) also found in their model that prenatal nicotine had no effect on performance on a delay-discounting task. These data support the validity of the negative effects observed in the delay-discounting task using the neonatal nicotine model, and are consistent with the idea that different forms of impulsivity ('motor' impulsivity, as assessed by the 5CSRTT, and 'cognitive' or 'choice' impulsivity, as assessed by the delay-discounting task) are supported by dissociable neural mechanisms (Evenden, 1999; Winstanley et al., 2006) .
One of the most reliable outcomes of developmental nicotine exposure is low birth weight and attenuated weight gain during early development (Winzer-Serhan, 2008) . In the present study, nicotine-exposed rats gained less weight than controls during the period of nicotine administration. This finding is consistent with previous work in this model (Huang et al., 2006; Winzer-Serhan, 2008) , and validates the effectiveness of the nicotine exposure regimen. However, in unpublished data we have observed variability between litters in the degree to which neonatal nicotine attenuates weight gain, with the difference between nicotine-exposed and control rats being greater in some litters than others. To determine whether this variability was related to performance in the behavioral tasks, data from the subset of litters (three of the five) in which there was the greatest effect of nicotine on body weight were analyzed separately. In this subset of rats, there were still no effects of nicotine exposure on any of the measures in the decision-making tasks; however, in the EPM, nicotine-exposed rats had significantly fewer arm entries than controls. These data are consistent with previous work in the chronic neonatal nicotine and other models, in which nicotine exposure caused a similar decrease in open arm entries (Vaglenova et al., 2004; Huang et al., 2007) , and provide further evidence for the efficacy of the nicotine-exposure regimen. Unlike previous work in the chronic neonatal nicotine model, however, there were no effects of nicotine exposure in the present study on time spent in the open arms in the EPM, possibly related to the difference in ages at which the rats were tested (10 months at time of EPM testing in the present study versus 2.5 months in our previous work; Huang et al., 2007) or to the rats' extensive prior handling and exposure to other behavioral tasks. The decrease in arm entries may also reflect decreased locomotor activity, which has been observed in this and other developmental nicotine-exposure models, although such a decrease was not evident as assessed in the behavioral test chambers during the decision-making tasks (Eppolito and Smith, 2006; LeSage et al., 2006; Huang et al., 2007) .
Prenatal exposure to tobacco smoke in humans is associated with higher incidence of substance use, and developmental nicotine exposure in animal models leads to increased sensitivity to drugs of abuse (HellstromLindahl and Nordberg, 2002; Levin et al., 2006; Franke et al., 2007; McQuown et al., 2007) . There is also some evidence for prenatal nicotine-induced alterations in behavior guided by natural (nondrug) rewards, in that prenatal nicotine exposure reduced responding for food on several FR schedules (FR1, 2, and 5) in adolescent rats (Franke et al., 2008) . No such effects were observed in the present study, suggesting differential effects of prenatal versus neonatal nicotine-exposure regimens and/or that effects of developmental nicotine on reward motivation in adolescence are attenuated by adulthood.
Although the neonatal nicotine exposure regimen used here did not affect performance in either decision-making task, performance in these tasks is sensitive to nicotine in adult rats. Acute nicotine administration can decrease preference for the large risky reward in the risky decision-making task, and can either increase or decrease impulsive decisionmaking in delay-discounting tasks (Dallery and Locey, 2005; Anderson and Diller, 2010; Kolokotroni et al., 2011; Mitchell et al., 2012) . Two months of chronic daily nicotine administration causes increases in impulsive decision-making that persist for 1 month (but no longer) after nicotine cessation (Dallery and Locey, 2005) . This could suggest that either the neonatal nicotine exposure regimen in the present study was too brief to cause lasting alterations in impulsive decision-making, or that the effects of nicotine on impulsive decision-making dissipated by the time rats in the present study were tested. However, given prior evidence that neither prenatal nicotine exposure (through maternal drinking water) nor adolescent nicotine administration (3 Â 0.4 mg/kg, subcutaneously, daily from P34-43) alters impulsive decision-making in adulthood (Counotte et al., 2009; Schneider et al., 2011) , it seems more likely that developmental nicotine exposure simply does not affect this type of impulsivity (although a more extensive examination of different doses, routes and times of administration, and times of testing will be necessary to fully support this conclusion). This absence of effects of developmental nicotine on impulsive decision-making suggests the possibility that such behaviors in individuals exposed to tobacco smoke prenatally may be due to genetic or other environmental factors, including non-nicotine components of tobacco smoke (Thapar et al., 2009) . These other components of tobacco smoke are of particular interest, as compounds present in tobacco smoke (e.g. monoamine oxidase inhibitors) can cause significant biochemical effects, which would be expected to alter neurodevelopment (Khalil et al., 2000; Clemens et al., 2009 ). It will be important in future work to determine whether the outcomes of studies using developmental exposure to tobacco smoke are comparable with those using nicotine.
